Abstract. This study investigated the expression of adenosine monophosphate deaminase 1 (AMPD1) in serum of patients with papillary thyroid carcinoma (PTC) and its clinical significance. The expression levels of AMPD1 mRNA in serum of 157 patients with PTC and 100 normal controls were detected by real-time fluorescent quantitative polymerase chain reaction (PCR), and the relationships between expression level of AMPD1 in serum of PTC patients and clinicopathological factors as well as prognosis were analyzed. The results of realtime fluorescent quantitative PCR showed that the expression of AMPD1 mRNA in serum of PTC patients was lower than that in normal human serum (P<0.01). The expression of AMPD1 in serum of PTC patients was not significantly different from the clinicopathological features such as sex, age, lymph node metastasis and the number of lesions (P>0.05); there were distinct differences between its expression and tumor-nodemetastasis (TNM) staging and tumor diameter (P<0.05). The single factor Cox analysis revealed that sex, age, number of lesions, TNM staging and the occurrence of lymph node metastasis were significantly correlated with the prognosis of patients (P<0.05). Multivariate Cox analysis showed that TNM staging hazard ratio (HR)=2.93, 95% confidence interval (CI): 1.52-7.04, P=0.015 was an independent prognostic factor in PTC patients. Survival analysis indicated that there was a statistically significant difference in the 5-year overall survival rate between patients with high expression of AMPD1 and those with low expression (P=0.007). In conclusion, the expression of AMPD1 in serum of patients with PTC is closely related to the malignant evolution of PTC and clinical prognosis of patients. AMPD1 is expected to become an important molecule in judging the clinical prognosis of PTC patients, and may become a new target for molecular targeted therapy of PTC.
Introduction
Thyroid cancer represents the most common cancer in the endocrine system (1) (2) (3) (4) . Most thyroid cancers originate from thyroid follicular cells (>90%), which can differentiate into papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC), while only less than 5% derive from C-cells (5) . Of the PTC patients 40-60% are aged over 45 years, mainly middle aged and elderly people with lymphatic metastasis (6) . The most common follicular tumors now are mostly benign hyperplastic tumors, and PTC represents the most common thyroid cancer (approximately 90%) (7) . PTC and FTC may progress to a poorly differentiated carcinoma or complete loss of differentiation to produce anaplastic thyroid carcinoma (ATC) (8) .
A large number of studies have been conducted to screen candidate markers of thyroid cancer at present. The differential expression of excessively large numbers of molecules was screened out in thyroid carcinoma tissues (9) (10) (11) . The adenosine monophosphate deaminase (AMPD) encoded by AMPD1 gene has the function of catalyzing adenosine monophosphate inosinemonpho sphate (12, 13) in purine nucleotide metabolism and energy metabolism, especially skeletal muscle and cardiac muscle. Currently, it is known that AMPD1 gene is generally localized on the p13-21 region chromosome, with a length of 20 kb, consisting of 16 exons and 15 introns (14) . In most cases, the presence of the nonsense mutation of 34 at position of AMPD1 and common polymorphism of C-T transformation contribute to the emergence of premature termination codon; some related metabolic muscle disorders are caused by the lack of AMPD activity (15) . It is proved that mutations in the AMPD1 allele play a protective role in the onset of congestive heart failure, which can also help (16) and relatively reduce aortic stiffness and inflammation in patients with coronary artery disease (CAD) (13) . However, there are few studies on AMPD1 in human malignant tumors; particularly, its relationship with the occurrence and development of thyroid cancer, and the expression level and prognosis of thyroid cancer are rarely reported. This study aimed to further understand the expression of AMPD1 and its relationship with cancer. Collection of samples. Peripheral blood (5 ml) was extracted from patients with PTC and volunteers in normal control group before operation and placed into an ethylenediaminetetraacetic acid-k (EDTA-k) anticoagulant tube, followed by centrifugation at 3500 x g for 5 min. The supernatant was taken and centrifuged at 8000 x g at 4˚C for 10 min. The supernatant was collected and stored at -80˚C.
Materials and methods

Clinical data.
Design and synthesis of primers. cDNA sequences of AMPD1 gene were synthesized using primer design software Primer 5, and primers were synthesized by Guangzhou Shangeng Biotechnology Co., Ltd. (Table I) Measurement data were expressed as mean ± SD, and t-test was applied for the comparison of means between two samples. Pearson's correlation analysis was utilized for analyzing the correlation. Furthermore, the relationship between AMPD1 and 5-year survival rate was analyzed by single-factor and multivariate Cox regression. P<0.05 was considered to indi-P<0.05 was considered to indi-0.05 was considered to indicate a statistically significant difference.
Results
Expression levels of AMPD1 in PTC patients and control group. The results of expression levels of AMPD1 in serum of PTC patients and control group detected by real-time reverse transcription polymerase chain reaction (RT-PCR) indicated that the expression level of AMPD1 in serum of PTC patients was remarkably reduced compared with that in normal control group (P<0.01) ( Table II) . The receiver operating characteristic (ROC) curve analysis was further performed, suggesting that the risk in PTC patients could be predicted by AMPD1 with a certain value, the area under the curve (AUC) was 0.713, and 95% confidence interval (CI) was 0.692-0.797 (Fig. 1) .
Relationships between expression level of AMPD1 and clinicopathological features in PTC patients.
According to the differential expression of AMPD1 in PTC patients and combination with clinical pathological data, it was found that the expression of AMPD1 in serum of PTC patients was not significantly different from the clinicopathological features such as sex, age, lymph node metastasis and the number of lesions (P>0.05); there were distinct differences between its expression and TNM staging and tumor diameter (P<0.05) ( Table III) .
Analysis of prognosis-related factors in PTC patients.
The 5-year survival rate in PTC patients with high expression of AMPD1 was 62.4, which was 45.5 in the group with low expression of AMPD1, and the difference was statistically significant (P=0.007, Fig. 2 ). The single factor Cox analysis revealed that sex, age, number of lesions, TNM staging and the occurrence of lymph node metastasis were significantly correlated with the prognosis of patients (P<0.05) (Table IV) . Multivariate Cox analysis showed that TNM staging hazard ratio (HR)=2.93, 95% CI: 1.52-7.04, P=0.015 was an indepen-P=0.015 was an indepen-0.015 was an independent prognostic factor in PTC patients (Table V) .
Discussion
Thyroid cancer (THCA) is a common malignant tumor in the endocrine system, which mainly derives from thyroid epithelial cells, accounting for 1% of the systemic malignancy. Currently, its incidence is increasing year by year. Papillary thyroid carcinoma (PTC) is the most common pathological type of THCA, and the cervical lymph node metastasis (8, 9) in purine nucleotide metabolism and energy metabolism, especially skeletal muscle and cardiac muscle. At present, AMPD1 gene has been studied in diabetes mellitus (18) and cardiovascular disease (19) . The purpose of this study is to identify new tumor markers in THCA thus controlling the disease through better diagnosis and treatment.
The study revealed that the expression level of AMPD1 in serum of PTC patients was significantly lower than that of normal human serum; by combining with clinical analysis, it showed that AMPD1 expression was positively related with age, tumor diameter and TNM staging of patients; the higher the age was, the lower the expression level of AMPD1 would be; the larger the tumor diameter was, the lower the expression level of AMPD1 would be; the higher the TNM staging was, the lower the expression level of AMPD1 would be. The above results indicated that AMPD1 may be involved in the pathological development of PTC.
This study revealed that the risk of PTC can be predicted by AMPD1 expression, which is correlated with pathological staging, TNM grading, distant metastasis and lymph node metastasis of patients. Importantly, the low expression of AMPD1 is associated with low overall survival rate, which is an independent prognostic factor for PTC patients. Clinically, it is difficult to diagnose papillary thyroid microcarcinoma (PTMC) with diameter less than 10 mm before surgery due to the small size, unobvious onset and lack of specific clinical manifestations and it is only found when thyroidectomy or progressive lymph node metastasis is required due to other causes (20) .
In conclusion, this study indicated that AMPD1 is closely linked to TNM staging. In the following study, we will further expand the sample size to analyze the expression of AMPD1 in PTC, so as to provide a basis for the diagnosis of PTC. In summary, AMPD1 expression in serum of PTC is downregulated and plays a role in the occurrence of PTC, which is able to guide the diagnosis and treatment in clinical practice.
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